Two papers in this issue of Neuron by Saleem et al. (2017) and Storchi et al. (2017) show that increases in background light intensity trigger proportional increases in narrowband gamma oscillations with a peak at 60 Hz in retina, lateral geniculate, and primary visual cortex of the mouse visual system.
Oscillatory activity is ubiquitous in nervous systems and is critical for the coordination of behavior among different neural circuits (Nusbaum and Beenhakker, 2002) . In the mammalian brain, oscillatory activity gained notoriety when described in the electroencephalogram (EEG) of humans (Berger, 1929) . Oscillations in the gamma (30-80 Hz) range were discovered by Adrian in the olfactory bulb in response to odorants (Adrian, 1950) . Gamma oscillations have been attributed to many functional roles mostly related to their usefulness in providing a common temporal framework for meaningful interaction among groups of neurons, which can be measured as synchrony (Traub et al., 1999) . However, gamma oscillations are also part of the background activity of the brain and may appear synchronized between cortex and thalamus even during sleep and anesthesia (Steriade et al., 1996) .
Gamma oscillations may be generated by single cells, which include exuberant examples such as fast rhythmic bursting neurons of the neocortex (Gray and McCormick, 1996; Cardin et al., 2005) or neurons of the central lateral nucleus of the thalamus (Steriade et al., 1993) . The most common and robust mechanism, however, is the reciprocal interaction between excitatory glutamatergic and inhibitory GABAergic neurons (reviewed in Cardin, 2016) . The period of this reciprocal interaction is mainly determined by the duration of the chloride-dependent inhibitory postsynaptic potentials (IPSPs) ($12-50 ms), thus resulting in frequencies around 20-80 Hz. However, the duration of the IPSPs may vary rapidly, changing the frequency of gamma oscillations and broadening the spectral peaks (broadband gamma). In other circumstances, gamma oscillations vary little in frequency and generate narrow spectral peaks (narrowband). The conditions in which these two types of gamma oscillations are generated and their functional significance are largely unknown. Two papers in this issue of Neuron (Saleem et al., 2017; Storchi et al., 2017 ) make an important advancement in understanding this dichotomy and establishing, for the first time, the characteristics of narrowband oscillations driven by luminance signals in the visual system of the mouse.
Key to understanding the importance of the two studies are the concepts of luminance and contrast. Luminance is a measure of the amount of light per unit area, while contrast is a measure of the difference in luminance between any two points in an image and is, therefore, the parameter that makes visual objects distinguishable. One of the most striking features of the visual system is the ability to detect small contrast signals despite changes in luminance of several orders of magnitude, i.e., we can read the newspaper either in bright sunlight or under the light of the full moon. This feat is realized by retinal circuitry, which generates the center-surround structure of the receptive field of retinal ganglion cells in which signals of opposite luminance are added together to generate an output from retina to lateral geniculate nucleus (LGN) mainly representing contrast. However, we are also aware of the level of luminance. How is luminance information encoded by the visual system? Early recordings from primary visual cortex (V1) in chronically implanted cats (Hubel, 1959) and monkeys (Wurtz, 1969) emphasized the very little effect that background illumination had on the sustained firing rates of single neurons. In this issue of Neuron, Saleem et al. and Storchi et al. demon strate that luminance is instead represented in population dynamics in the form of narrowband gamma oscillations. Both papers show that, in the mouse visual system, increases in the intensity of background illumination result in proportional increases in narrow-bandwidth ($10 Hz) oscillatory activity with a peak at $60 Hz in awake mice, or $30 Hz under anesthesia. These narrowband oscillations are coherent within the LGN and are not present in the dark.
The two papers are highly complementary; while Saleem et al. (2017) focuses on V1 and LGN and places emphasis on the differential response properties of narrow-and broadband gamma oscillations, the study by Storchi et al. (2017) untangles the retinal mechanism of the narrowband oscillation and its transmission to LGN.
The study by Saleem et al. uses a clever combination of optogenetic approaches to show that the narrowband oscillation disappears from cortex when the thalamus is inactivated but remains unaltered in LGN when V1 is silenced. Thus, even though the study by Saleem et al. demonstrates that luminance-dependent narrowband oscillations are not generated in cortex, it leaves open the possibility that they may be generated in the retina.
The paper by Storchi et al. demonstrates not only that the response properties of luminance-driven narrowband oscillations are present in the retina, but also that oscillations are coherent in simultaneous recordings of retina and LGN. Since communication from retina to LGN is unidirectional, their data strongly suggest that the oscillation indeed originates in the retina. They go further to show that, within the retina, the light sensitivity responsible for the oscillations is largely derived not from photoreceptors (rods and cones) but from intrinsically photosensitive retinal ganglion cells (ipRGCs), which express melanopsin, the blue-sensitive photopigment supposedly responsible for circadian photoentrainment. Indeed, Storchi et al. show that narrowband oscillations are partially suppressed either in knockout mice for the gene that encodes melanopsin (Opn4À/À) or in control mice responding to ramps of increasing light defective in wavelengths (blue) that selectively activate melanopsin. Thus, at least in part, narrowband oscillations are due to the activation of ipRGCs by background light illumination.
While This distinction of gamma band is important because it is widely documented that visual stimuli such as drifting gratings or moving bars, in which the main signal is contrast, increase spectral power in V1 over a broad range of frequencies between 20 and 90 Hz. Saleem et al. shows that contrast stimuli have opposite effects in the two frequency bands, increasing broadband and decreasing narrowband oscillation amplitude. This distinction alone suggests very different functions for the two oscillations.
Across the depth of V1, Saleem et al. find that the power of narrowband oscillations is higher in layer 4, the site of termination of LGN inputs. They then record from LGN and find a subset of neurons with strong rhythmicity at 60 Hz. As in cortex, narrowband oscillatory power in LGN spikes is increased by luminance and decreased by contrast. More importantly, narrowband oscillations in LGN are coherent among neighbor neurons, also shown by Storchi et al., which likely amplifies their excitatory driving effect in cortex. Indeed, intracellular recordings from L2/3 by Saleem et al. reveal rhythmic excitatory, but not inhibitory, postsynaptic currents. Inhibitory currents are the hallmark of cortical gamma oscillations generated by the interaction between excitatory and inhibitory neurons (Cardin, 2016) . Furthermore, excitatory postsynaptic potential (EPSP) rhythmicity in L4 is not changed when V1 is silenced. Together with the optogenetic results mentioned above, Saleem et al.'s data strongly suggest that narrowband oscillations in cortex are inherited from thalamus.
Even though this separation of frequency bands is clear in Saleem et al., such dichotomy is far from clear in the literature. For example, Welle and Contreras (2016) showed that in anesthetized mice, the spontaneous gamma oscillations that occur when the mice face a uniform gray screen are broadband (bandwidth $20 Hz), while oscillations elicited by drifting gratings have a narrow band of $10 Hz, and for both the peak frequency was 25 Hz. Thus, while the peak is consistent with the narrowband frequencies reported for anesthetized mice in in the two studies discussed here, the oscillatory bandwidths are inverted with respect to Saleem et al. Similarly, a study in anesthetized cats (Castelo-Branco et al., 1998) showed that optimally oriented drifting gratings triggered narrowband ($10 Hz) oscillations in visual cortex with peaks between 30 and 60 Hz. Uniform stimuli also triggered narrowband oscillations, although with peaks in a higher frequency range, between 60 and 120 Hz. Furthermore, in the LGN and retina, both the drifting gratings and the uniform stimuli triggered narrowband oscillations in the high frequency range. Thus, in the cat visual cortex, the narrowband oscillatory response to uniform stimuli are in agreement with the results of both Saleem and Storchi, but the broadband response to gratings differs from that shown by Saleem et al. Finally, by measuring the relative times of LGN and V1 spikes in the cat, Castelo-Branco et al. concluded that the oscillations in the high frequency range are mostly feedforward, i.e., they originate in LGN, while oscillations in the lower frequency range are of cortical origin. This is in full agreement with the optogenetic results in Saleem et al. Thus, one conclusion is common between the cat and mouse studies: cortical and subcortical (retina-
LGN) circuits seem to possess independent oscillatory mechanisms for narrow and wideband oscillations.
Locomotion strongly modulates the magnitude of narrowband oscillations in mouse visual cortex (Niell and Stryker, 2010) . This is confirmed by Saleem et al. (see the remarkable similarity between Figure 1B in Niell and Stryker, 2010, with Figure 1B , left panel, in Saleem et al., 2017) . However, locomotion increases pupil diameter, letting more background light into the eye. Saleem et al. demonstrate that the effects of movement and luminance can occur independently of each other by reproducing the effect of movement during mydriasis with anticholinergics. Storchi et al. shows for the first time that, also in LGN, unconstrained movement increases sustained firing rates and narrowband oscillations, in contrast to previous work by Niell and Stryker (2010) , who reported no movement-related increase in LGN activity in head-fixed animals. However, movement-related LGN firing rate changes occur only during response to light, i.e., movement does not increase LGN firing rates in the dark. This is an interesting observation that remains to be tested in visual cortex.
Locomotion-driven narrowband activity is attributed to cortical circuits under conditions of elevated neuromodulatory drive. Even in the absence of visual stimulation, narrowband oscillations in V1 can be induced by increased arousal (Vinck et al., 2015) or optogenetic stimulation of the mesencephalic locomotor region (Lee et al., 2014) , which is thought to increase cholinergic activation in cortex via the basal forebrain (Pinto et al., 2013) . Thus, in addition to the retinal-thalamic-cortical pathway, cortical narrowband oscillations may have additional subcortical and cortical mechanisms.
Does luminance have a role in the transmission of visual information? The study by Storchi et al. measured the effect of changing narrowband coherence on the representation of simple visual stimuli, as measured by pooling neuronal responses together, which is one form of coding. By shuffling trial-level responses, power in the narrowband is reduced while firing rate is maintained, and visual responsiveness to stimuli is slightly diminished. They propose that narrowband coherence enhances visual information transmission by enhancing the pooling of neuronal responses. In contrast, the study by Saleem et al. shows that when mice navigate virtual reality, i.e., a high-contrast signal, the amplitude of narrowband decreases, as expected from their previous results with drifting gratings. Rather than enhancing the transfer of visual information, Saleem et al. propose that narrowand wideband represent two different channels of information transfer for different types of visual information. Future studies must resolve how luminance signals are coded in parallel with contrast signals and how they influence each other along the visual pathway.
Microsatellites, or short repeat sequences of 3-6 nt, can be expanded up to thousands of times in protein-coding or noncoding regions of diverse genes and cause a wide array of neurodevelopmental and neurodegenerative disorders. The molecular pathology of these disorders includes loss of host gene function as in fragile X syndrome, production of toxic polypeptides as in Huntington's disease, and sequestration of RNA binding proteins by repeat-containing RNA as in myotonic dystrophies.
In 2011, Laura Ranum and colleagues described a new molecular mechanism by which repeat expansions may be expressed and cause neurologic diseases: repeat-associated non-AUG (RAN) translation. In this process, protein synthesis is initiated not at the canonical AUG start codon, but instead directly on the expanded repeats and in all reading frames (Zu et al., 2011 (Zu et al., , 2013 . These findings triggered a flurry of studies of several repeat expansion disorders to decipher whether these RAN translation products are toxic and, if so, how RAN translation is regulated at the molecular level.
One of these repeat expansion disorders is fragile X-associated tremor/ataxia syndrome (FXTAS). Its characteristics, which are generally late onset, include intention tremor, ataxia, Parkinson's disease-like symptoms, and other clinical manifestations (Hagerman and Hagerman, 2016 ). The disorder is caused by CGG repeats that are expanded 55-200 times in the 5 0 UTR of FMR1 mRNA, which is referred to as the fragile X pre-mutation, while a full expansion of 200 repeats or more leads to transcriptional silencing of FMR1 and fragile X syndrome. In FXTAS, FMR1 mRNA containing a CGG expansion is expressed at an aberrantly high level, suggesting that it promotes
